Introduction
Physical activity positively impacts maternal and fetal physiological health [1] . Despite the proven physiological advantages, most pregnant women still do not meet minimal exercise recommendations throughout their pregnancy [2] . In the past, pregnant women were advised to reduce their level of physical activity, particularly high-intensity physical activity, due to increased safety concerns for the pregnant woman and her unborn baby [3] . In fact, 20-years-ago, the American College of Obstetricians and Gynecologists (ACOG) recommended that heart rate during exercise should not exceed 140 beats per minute and that vigorous activity should last no longer than 15 minutes [4] . However, recent research suggests that high-intensity exercise is safe and effective for low-risk pregnant women and their developing babies [5] , and updated ACOG guidelines reflect these changes [1] . The intensity of exercise is a key component influencing the extent to which exercise training will lead to various adaptations (e.g. improved aerobic capacity, muscular strength). While there are no specific guidelines prescribing duration and intensity to achieve optimal health benefits from high-intensity exercise, it is understood that as exercise intensity increases, duration can concomitantly decrease while providing positive adaptations [6] . Given this rational, high-intensity exercise among low-risk pregnant women may be a time-efficient way to improve overall health.
While there is evidence that high-intensity exercise is safe and effective for improving health in low-risk pregnant women [5] , little is known about the psychological effect of high-intensity exercise during pregnancy. Because pregnancy can be a very stressful time in a woman's life and depression during and after pregnancy is common [7] , understanding the impact of exercise on mood states during pregnancy is important. In addition, stress and anxiety during pregnancy can contribute to postpartum depression -a serious health concern for new mothers [8] . Previous studies have found that longterm physical activity interventions/programs improve mood during pregnancy [9] . Additionally, previous research has shown that acute high-intensity exercise improves mood in non-gravid women [10] ; however, no study has investigated the psychological effect of an acute bout of high-intensity exercise among pregnant women. Therefore, the purpose of this study was to examine maternal mood in response to an acute bout of high-intensity exercise. Identifying improvements in mood as a benefit of acute exercise during pregnancy may serve as an additional incentive for pregnant women participate in regular physical activity.
Materials and Methods

Participants
Twenty-six low-risk women with uncomplicated pregnancies participated in the study between 18 and 24 weeks gestation. (This gestation age was chosen due to the greatly reduced risk of miscarrying, less need for fetal monitoring, as well as a critical time point in pregnancy in which physicians prescribe exercise). All study procedures were approved by the Western Kentucky University Institutional Review Board (IRB . Inclusion criteria for the present study included: 1) Pre-Pregnancy BMI between 18 and 25 kg/m 2 , 2) Confirmed singleton viable pregnancy with no identified fetal abnormalities (as determined by routine standard of care ultrasonography), 3) Physician clearance for participation in all study procedures, 4) Age 18-44 years, and 5) Exercise regularly and accustomed to regular high-intensity exercise.
Exclusion criteria included: 1) Restrictive lung disease, 2) Incompetent cervix/cerclage, 3) Multiple gestation at risk for premature labor, 4) Persistent 2 nd trimester bleeding, 5) Ruptured membranes, 6) Preeclampsia/ pregnancy-induced hypertension, 7) Hemodynamically-significant heart disease, 8) Inability to provide voluntary informed consent, 9) Currently using illegal drugs (e.g. cocaine, methamphetamine, opiates, etc.), and 10) Current smoker.
Study procedures
Patients reported to the lab after consuming a normal breakfast or lunch. Vitals were obtained upon arrival and any contraindications to the exercise protocol were assessed. Before the acute bout of exercise, patients were given the BRUMS-32 Profile of Mood Survey and the Subjective Exercise Experience Scale (SEES) to assess their mood. Both scales have been validated and used before and after exercise bouts to assess mood [11] [12] [13] . The BRUMS-32 Profile of Mood Survey measures eight identifiable affective states through a 32-item self-report inventory with respondents rating a list of adjectives on a 5-point Likert scale ranging from 0 (not at all) to 4 (extremely), based on subjective feelings. Scores from the eight mood state subscales (anger, tension, depression, vigor, fatigue, happy, confusion, and calmness) can also be calculated into a Total Mood Distress (TMD) index. The TMD index is calculated by taking the sum of tension, depression, anger, fatigue, and confusion, and then subtracting the sum of vigor, happy, and calmness (thus, large positive scores represent high levels of distress, and large negative scores represent no distress/good mood state). The Subjective Exercise Experience Scale (SEES) is a brief, 12-item scale assessing three general categories of subjective responses to exercise including positive well-being, psychological distress, and fatigue [13] .
The acute bout of exercise followed the Bruce protocol, where treadmill grade and speed increase incrementally until maximal exercise effort is achieved. This protocol allowed the participants time to adjust to each new work rate with 3-minute stages. Heart rate and rating of perceived exertion were monitored throughout the test. On average, the test took 8-12 minutes with the last 2-4 minutes considered high-intensity. Following a 5-minute cool down on the treadmill, the BRUMS-32 tivity is classified as "Vigorous" if an individual is as exercising at intensity above 76% of one's age-predicted maximal heart rate and reports a maximal perceived rating of exertion greater than 14 on the Borg scale [14] .
On the BRUMS-32 survey, Total Mood Distress Index improved significantly from pre to post high-intensity exercise (pre: -23.2 ± 11.8 vs. post: -29.0 ± 10.3, p = 0.011). Among the 7 individual categories, three of them were significantly different post-exercise compared to pre-exercise (see Figure 2) . Participants reported an increase in "Vigor" (9.7 ± 3.1 vs. 12.3 ± 2.7, p < 0.001), a decrease in "Tension" (2.3 ± 2.8 vs. 0.6 ± 1.0, p = 0.004) and a decrease in "Anger" (0.7 ± 1.4 vs. 0.1 ± 0.3, p = 0.049) after high-intensity exercise. Scores for "Happy", "Fatigue", "Depression", "Confusion," and "Calmness" did not change significantly in response to the bout of exercise.
Three general categories of subjective responses to exercise (i.e. "Positive Well-Being" "Psychological stress," and "Fatigue") were assessed by the 12-item 
Statistical analysis
Paired Samples T-Tests were used to compare pre-exercise scores with post-exercise scores for both surveys. A p-value less than 0.05 were considered statistically significant. All statistical analysis were conducted with SPSS (Version 24).
Results
Participants were relatively young (mean age was 30.3 ± 4.0 years) and had a healthy weight status (mean pre-pregnancy body mass index was 23.1 ± 3.5 kg/m 2 ) (see Table 1 ). The majority of participants were Caucasian (96.2%), had a college education (96.2%), and nearly all of them exercised at least one time per week (96.2%). Exercise characteristics demonstrate that, at least a portion, of the exercise bout was indeed high-intensity as heart rate reached 88.4% of age-predicted maximal heart rate and participants reported an average maximal perceived rating of exertion response of 17.7 ± 1.5 on the Borg scale (see Table 2 ). According to the American College of Sports Medicine, physical ac- 
Mean ± SD VO 2max (ml/kg/min)
35.0 ± 10.2 Maximum heart rate (bpm) 167.7 ± 13.7 Maximum percent of age-predicted maximal heart rate (%) physiological adaptations that may improve the health of themselves and their unborn baby.
Anxiety, stress, and depression are very common during pregnancy and postpartum, and the onset of postpartum depression symptoms actually begins during pregnancy [16] . Interestingly, research suggests that there are higher rates of depression, anxiety, and fatigue during pregnancy than following pregnancy; in fact, up to 25% of pregnant women report symptoms of clinical depression [17] [18] [19] . Therefore, methods such as exercise that can improve short and long-term mood status are critical to overall health as psychological health and physical health are closely associated [20] . Anxiety and stress can have negative implications for maternal and neonatal health outcomes [21] , so any efforts made to reduce stress and anxiety may also elicit improvements in maternal and neonatal health [22] . A previous study by Gaston and Prapavessis (2013) examining depressive mood scores in pregnant women in response to an exercise program reported a reduction in depressive symptoms after a four-week intervention [23] . This study suggests improvements in mental health can occur in just four weeks. Our study takes this a step further and suggests on a short-term scale, one acute bout of exercise has the potential to improve mood status. This information is extremely encouraging to pregnant women suffering from depression or undergoing mood fluctuations in response to hormonal changes throughout pregnancy. It is also reasonable to believe women who exercise during pregnancy are more likely to continue (once cleared) postpartum [24] ; thus, incorporating high-intensity exercise sessions into a daily routine has the potential to lower risk for postpartum depression as well.
In addition to the potential for a plethora of short and long-term health benefits, our study provides rationale for utilizing high-intensity, short duration exercise sessions to overcome the most commonly cited barriers to being physically active during pregnancy: lack of time and lack of energy [25] . This study provides the first evidence supporting the effectiveness of a brief, time-efficient bout of high-intensity exercise on mood scores, including significant improvements in overall mood status, positive well-being, and vigor, in addition to reductions in tension and anger. The exercise test in the current study took 8-12 minutes and elicited improvements in mood. Thus, it is reasonable to suggest even a 10-15 minute workout at a moderate-to-high intensity can elicit these types of mood improvements in pregnant women. Thus, quick workouts can overcome the barrier of lack of time [25] . It is possible beginning to incorporate short workouts into daily routines may actually increase energy levels (i.e. vigor), which may encourage additional physical activity participation and overall improvements in well-being during pregnancy. Therefore, clinicians and health care providers can encourage busy women to set aside even 10-15 minutes to ure 3). The category "Positive Well-Being" was higher post-exercise (20.8 ± 3.7 versus 22.6 ± 3.9, p = 0.015), while there were no significant changes in scores for "Psychological stress" and "Fatigue". When the subjective responses to exercise items were examined individually, pregnant women had increased scores for "Strong" (4.5 ± 1.1 vs. 5.2 ± 1.3, p = 0.003) and decreased in scores for "Discouraged" (1.6 ± 0.9 vs. 1.2 ± 0.5, p = 0.03) following the acute bout of high-intensity exercise.
Discussion
Overall, our findings suggest that an acute bout of high-intensity exercise during pregnancy may elicit improvements in mood during the second trimester of pregnancy. According the BRUMS-32, overall mood was improved following the exercise based on the Total Mood Distress Index. Analyzing specific BRUMS-32 categories, "Anger" and "Tension" scores decreased, while "Vigor" scores increased following acute high-intensity exercise (Figure 2 ). According to the SEES items/ categories, only the category "Positive well-being" increased post-exercise (Figure 3) , and individual scores for "Strong" increased (4.5 ± 1.1 vs. 5.2 ± 1.3, p = 0.003) and "Discouraged" decreased (1.6 ± 0.9 vs. 1.2 ± 0.5, p = 0.03) post-exercise.
Taken together, this study suggests that high-intensity exercise may be an effective and time-efficient option for prescribing exercise among low-risk, previously active pregnant women. The most recent ACOG recommendations for exercise during pregnancy suggest 20-30 minutes of moderate intensity exercise on most or all days of the week [1], and it is logical to believe that shorter bouts of higher intensity exercise may elicit similar physiological adaptations similar to what is seen in non-gravid populations [15] . By participating in short bouts of moderate-to-high intensity exercise lasting 10-15 minutes day, pregnant women can more easily achieve exercise recommendations and induce valuable exercise so that they can improve their health and the health of their unborn baby.
There are several limitations in the present study. First, the small sample size may have contributed to the lack of significant findings in other mood categories. A larger study with similar objectives is warranted. Next, while the protocol did involve high-intensity/maximal effort exercise, the Bruce protocol is not typical of a self-selected workout routine. Thus, similar studies should be conducted with other high-intensity exercise protocols, and protocols that do not involve a treadmill as many women do not have access to treadmills, to make these results more generalizable. In addition, all mood data was subjective in nature. Future studies should investigate physiological biomarkers linked to mood status as well.
In summary, our study is the first to demonstrate the positive impact of acute, high-intensity exercise on mood status during pregnancy. Low-risk women may want to consider incorporating short bouts of activity in daily routines during pregnancy in order to improve their short and long-term psychological health, which may in turn improve their physical health and the health of their offspring.
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